Abstract: Fatigue is a common, disabling symptom for individuals with rheumatoid arthritis (RA).
R heumatoid arthritis (RA) is an autoimmune disease characterized by joint pain, swelling, and stiffness that affects approximately 1% of adults, 75% of them women. 34 Fatigue is a very common and disabling symptom in RA. Over 80% of patients report that they routinely experience significant fatigue, and persistent fatigue is one of the biggest obstacles to optimizing function in these individuals. 21, 23 Indeed, when asked to prioritize their symptoms for targeted behavioral treatment, RA patients nominate fatigue more frequently than pain, negative affect, or social relations. 6 Because characteristics of the disease such as duration and pain severity are strongly related to reports of fatigue in RA patients, many investigators have conceptualized fatigue primarily as a reflection of the disease process. Yet a body of research indicates that negative and positive social factors also contribute to the experience of fatigue. 27 In cross-sectional studies, negative life events and social support are associated with fatigue levels in RA patients over and above the contributions of disease activity and depression. 9, 14, 29 Because the bulk of these studies have used research designs with only 1 or 2 measurement occasions, scant data are available to examine potential mechanisms linking the social environment with fatigue. Diary reports of interpersonal experiences and fatigue that are collected repeatedly over time provide a valuable method of examining their covariation.
Multilevel modeling of diary data enables researchers to address both within-person questions (eg, Are days with more negative interpersonal events associated with higher fatigue?) and between-person questions (eg, Does the daily association between negative interpersonal events and fatigue differ for men and women?). In a recent diary study of women with chronic pain from RA, osteoarthritis (OA), or fibromyalgia (FM), a multilevel model revealed that days of increased negative interpersonal events were associated with increases, and days of increased positive interpersonal events with decreases, in same-day fatigue. 19 Several key questions can be distilled from these intriguing findings. First, because the study included only women, it is important to determine whether the within-person relations between interpersonal events and fatigue are similar for men and women with chronic pain. There is reason to expect sex differences in event-fatigue associations. Compared with men, women have social networks that include more individuals they consider to be close 2, 10 and rate their experiences in interactions with others as more intense and intimate. 7 Relative to men, women are more invested in their relationships and thus interpersonal events may exert a greater impact on the fatigue of women than men. Some evidence also suggests that women rely more than men on situational cues to determine their internal states 20 and therefore may be more likely than men to make use of interpersonal events to assess their own fatigue.
A second issue involves the mechanisms through which interpersonal events relate to fatigue. One potential path is through affect. Recent work has highlighted the link between positive events and positive affect 8, 36 and positive affect has a strong inverse association with fatigue. 37 Along the same line, negative events are related to increased negative affect, 36 which in turn is associated with elevated fatigue. 24 The present study is the first to investigate whether positive and negative affect mediate the relations between interpersonal events and fatigue in chronic pain patients.
A third issue pertains to the carry-over effects of interpersonal events on fatigue from one day to the next day. Parrish, Zautra, and observed that days with higher than average positive interpersonal events were associated with increased next-day fatigue for women with RA or FM but not for those with OA. Regardless of diagnosis, days with higher than average negative interpersonal events were also were associated with increased nextday fatigue. Thus, female pain patients may have derived some immediate benefit from positive events in the form of reduced fatigue, but some women may also have incurred a delayed cost. Thus, we investigated whether the carry-over effects of changes in interpersonal events on fatigue generalize from women to men with RA.
In the current study, we examined the within-person relations among positive and negative interpersonal events, positive and negative affect, and fatigue in RA patients and assessed whether sex moderates these associations. Fig 1 depicts a model used to frame the three questions addressed in this study. First, are there sex differences in the relations between daily changes in positive and negative interpersonal events and same-day fatigue? Second, do positive and negative affect mediate the relations between changes in positive and negative interpersonal events and same-day fatigue for men and women? Finally, to what extent do the effects of daily positive and negative interpersonal events experienced on one day carry over to predict next-day fatigue for men and women?
Methods

Participants
Participants were recruited through flyers and advertisements from physician's offices, VA hospital rheumatologists, senior citizen groups, the Arthritis Foundation membership, and the Phoenix metropolitan community. To be eligible for the study, participants were required to 1) be between 21 and 86 years old and 2) have a physician-confirmed diagnosis of RA. In addition, participants were excluded if they were receiving a cyclical estrogen-replacement therapy.
The sample consisted of 228 participants (158 women, 70 men), all enrolled in the study between January 2001 and November 2004. A recent study from our group examining event-fatigue relations in women with diverse chronic pain problems included data from 89 of the women in the current study, but excluded data from the remaining 69 women because these participants had a comorbid pain condition other than OA or were missing data on variables relevant to that study. 19 
Procedure
All procedures used in this study were approved by the Institutional Review Board at Arizona State University. Interested individuals contacted research staff members by phone and underwent a brief screening interview to determine eligibility. Eligible individuals provided written informed consent and permission for research personnel to contact their physicians to confirm their RA diagnosis. Participants then received an initial packet of questionnaires via mail that contained items assessing demographic data and personality characteristics. After they completed and returned the initial questionnaires, participants first received a set of 30 daily diaries and 30 preaddressed, stamped envelopes by mail, and then received instructions regarding completion of the diaries from a staff member by phone. Participants were asked to complete a diary each night approximately 30 minutes before going to bed and to place the completed diary in the mail the next day. Participants were paid up to $90 for returning the daily diaries (ie, $2/diary plus $1/diary if 25 or more diaries were returned). Aggregating across participants, 94% of the diaries were completed, and of those completed diaries, 97.3% were received with a verified postmark. Of the diaries with a verified postmark, 80% were postmarked within 2 days of diary completion (allowing for weekend and holiday constraints on mail service).
Measures
Daily Interpersonal Events
The daily diaries included interpersonal events from the Inventory of Small Life Events (ISLE) for older adults. 38 The inventory included 26 positive interpersonal events (eg, ''played a sport, game, or cards with friends'') pertaining to spouse/live-in partner (n = 6), other family members (n = 9), friends and acquaintances (n = 7), and coworkers (n = 4). In addition, the inventory included 22 negative interpersonal events (eg, ''criticized by friend/acquaintance'') pertaining to spouse/live-in partner (n = 5), other family members (n = 3), friends and acquaintances (n = 7), and coworkers (n = 7). Participants also were asked whether any ''other'' positive and negative events occurred during the day in social interactions with spouse or live-in partner, family members, friends and acquaintances, and coworkers. Daily sum scores were calculated by counting the total number of positive interpersonal events and the total number of negative interpersonal events.
Affect
Daily affect was assessed in the diaries using the Positive and Negative Affect Schedule (PANAS 32 ). Participants rated 10 positive and 10 negative affect terms. Participants rated how much they felt each positive and negative affect item during that day on a 5-point scale (1 = ''very slightly or not at all'' to 5 = ''extremely''). Positive and negative affect summary scores were computed for each day by calculating the means for the ratings of all positive affect items and all negative affect items that were rated on that day. Within-person reliability estimates were computed by first transforming items into z scores within each participant. The within-person Cronbach a was .86 for positive affect and .77 for negative affect.
Fatigue
Daily fatigue was assessed in the diaries by asking the participant, ''What number between 0 and 100 describes your average level of fatigue today? A zero would mean ''no fatigue'' and a 100 would mean ''fatigue as bad as it can be. '' 11 This fatigue rating is similar to 1-item assessments employed in recent research examining fatigue in FM. 33, 35 The validity of this single-item scale was probed by examining its correlation with the SF-36 Vitality subscale. 31 For both sexes, fatigue scores were correlated À.57 with vitality scores.
Covariates
Several potential covariates were assessed on the initial questionnaire including age, education, income, employment status, marital/romantic relationship status, and general health. General health was assessed with a single item from the SF36, asking individuals to rate their health on a 5-point scale, ranging from poor to excellent. 31 Additionally, daily pain was examined as a covariate, via the following standard single item included in the diary assessment: ''What number between 0 and 100 describes your average level of arthritis pain today?'' A zero (0) would mean ''no pain'' and a 100 would mean ''pain as bad as it can be.'' 11 
Analytic Strategy
Repeated daily measurements in our study resulted in up to 30 observations per diary variable for each person. Within-person scores were derived for measures of events, affect, and pain. For each daily diary variable of interest, we computed each person's average score across the 30 days. Then for each person, we subtracted his or her mean from each of his or her daily scores, resulting in a set of up to 30 deviation scores for each variable of interest. For example, if a subject had an average pain rating across the 30 days of 50 and her rating of pain on day 1 was 60, her day 1 deviation score would be 110. These deviation scores, also termed person-centered scores, index day-to-day within-person change relative to an individual's average level on the variable of interest. In the remainder of the article, we use the term ''change'' to refer to within-person deviation scores. The primary between-person predictor in the analyses was sex, coded such that female = 1 and male = 0.
We first conducted preliminary analyses to examine sex differences in demographic, physical health, and daily diary variables with t test and c 2 comparisons. Then we assessed the within-person association between same-day negative interpersonal events and positive interpersonal events. For our main analyses, we tested whether 1) sex moderates the relations between changes in daily positive and negative events, and same-day fatigue; 2) whether changes in positive and negative affect mediate the event-fatigue relations; and 3) whether effects of events carry over to affect next-day fatigue. To probe significant sex by event interaction effects, we used the Aiken and West 1 procedure to plot the simple slopes for the association between within-person deviation scores and same-day fatigue (and affect) for each sex. All primary analyses were repeated, including age, education, employment status, income, marital status, and presence of a comorbid pain condition (0 = none, 1 = one or more) as betweenperson covariates, and daily changes in pain as a within-person covariate; presence of comorbid pain condition and daily changes in pain both predicted fatigue and so were retained in the final models. In models that predicted daily positive affect, daily negative affect was included as a covariate; conversely, in models that predicted daily negative affect, daily positive affect was included as a covariate.
The principal analyses for this study used multilevel or hierarchical linear modeling. This method is designed to handle hierarchical nested data. In our study, the 30 daily diary reports are nested within people. Multilevel modeling is able to account for variation both within and between individuals, and is particularly useful when participants have varying amounts of missing data. The analyses were performed with SAS PROC MIXED software (SAS Institute, Cary, NC), 12 which furnishes parameters in the form of unstandardized maximum likelihood estimates (ß coefficients). These coefficients serve as useful effect size estimations of magnitude and direction of changes in dependent variables associated with within-person changes in independent variables. For all analyses, we allowed intercepts to vary randomly, thus enabling us to generalize the findings to the population of persons from which the sample was drawn, and the population of observations from which their daily reports were samples. We also allowed the slope relating changes in pain to outcomes, and the slope relating the sex Â positive events interaction to outcomes, to vary randomly when including these random effects improved the fit of the model. All same-day models included a first-order autoregressive variance-covariance matrix to account for the tendency of scores on variables to be highly correlated from one day to the next day.
The multilevel regression model predicting same-day fatigue included the following independent variables: 1) average pain level; 2) daily changes in positive events; 3) daily changes in negative events; 4) sex; and 5) sex Â change in events interaction terms (to test for sex differences in event-fatigue relations). Covariates included the presence of a comorbid pain condition and changes in level of pain. The same independent variables and covariates were included in models predicting positive and negative affect, purported mediators of event-fatigue relations, along with the alternate affect. The final model predicting next day's fatigue was modified by including same-day's fatigue as a predictor (to account for day-to-day covariation in fatigue).
Results
Demographic Characteristics
The sample had a mean age of 55.31 (SD = 13.23). Ninety percent of the participants were Caucasian and 64% were married or living with a romantic partner. Approximately 39% of the participants reported that they had graduated from college, and 36% indicated that they were currently employed. The average annual household income of the sample fell between $30,000 and $39,999. Participants estimated that they first noticed their RA symptoms a mean of 15.88 years earlier (SD = 14.31) and received a diagnosis of RA a mean of 13.44 years earlier (SD = 13.13). For the sample as a whole, the average daily fatigue rating was 32.85 (SD = 18.18) and the average daily pain rating was 35.18 (SD = 18.35) on a 0 to 100 rating scale (described below). Thirty percent of the sample had 1 additional chronic pain condition, and 24 % had 2 or more. The most common comorbid pain condition was back pain (33%), followed by OA (31 %), and fibromyalgia (17%).
Means, standard deviations, and distributions for demographic characteristics and health-related variables by sex are shown in Table 1 . Comparisons of the sexes yielded 2 differences: women were younger and more likely to be employed than were men. The sexes were equally likely to be Caucasian, married/partnered, and managing a comorbid pain condition, and reported a similar level of education, income, years since RA diagnosis, and general health. Table 2 depicts means and standard deviations for main study variables by sex. Women reported more daily positive and negative interpersonal events than men and were higher than men on positive affect, negative affect, fatigue, and pain. With regard to fatigue scores, a model that included no predictors (ie, unconditional model) indicated that the proportion of variance in fatigue accounted for by differences between individuals was 58%. Consequently, 42% of the variance in fatigue occurred within individuals on a day to day basis. The proportion of within-person/total fatigue variance was similar for men (41%) and women (42%).
Demographic Differences in Daily Diary Measures
The distribution of positive interpersonal events for men and women by type of relationship was as follows: spouse/live in partner (40% men and 30% women), other family members (28% men and 35% women), friends and acquaintances (27% men and 28% women), and coworker (5% men and 7% women). For negative interpersonal events the distribution for men and women by type of relationship was as follows: spouse/live in partner (48% men and 34% women), other family members (14% men and 23% women), friends and acquaintances (20% men and 24% women), and coworker (18% men and 19% women). Thus, spouses/partners account for a greater percentage of positive and negative events for men than for women and other family members account for a greater percentage of positive and negative events for women than men. Negative daily events were not significantly associated with same-day positive events, ß = .04, t (6315) = 1.41, P > .16.
Prediction of Same-Day Fatigue
Sex as a Moderator of Event-Fatigue Relations Table 3 displays the results of analyses examining whether changes in daily positive and negative events (relative to a person's average level) predicted sameday fatigue, and whether these relations varied by sex, taking into account the presence of comorbid pain conditions and changes in daily pain. Individuals with 1 or more comorbid pain conditions had higher levels of fatigue than did individuals with RA only (t = 5.21, P < .0001). Days with a greater than average level of pain (t = 20.74, P < .0001) and a greater than average number of negative interpersonal events (t = 3.12, P < .002) were associated with more same-day fatigue Furthermore, the association between changes in positive interpersonal events and same-day fatigue varied by sex (t = À2.01, P = .05). Fig 2 shows an inverse relation between changes in positive interpersonal events and same-day fatigue in women but not in men. On a day when they experienced one additional positive event, women reported approximately a .36-point lower score than their average on the 0 to 100 scale for fatigue, a benefit not evident in men. Finally, we included an interaction effect in the model to determine whether the association between changes in negative interpersonal events and same-day fatigue differed for men and women, but the effect was not significant (t = .20, = P > .84). Therefore, it was dropped from the final model. Compared with an unconditional model, a model that included changes in daily pain accounted for approximately 28% of the pooled within-person variance in daily fatigue, and an additional 2% was explained by including changes in positive and negative events, and the sex Â positive events interaction.
Affect as Mediators in Event-Fatigue Relations
We next examined whether changes in daily positive and negative affect mediated the relations between changes in events and same-day fatigue. To establish a link between events and the purported mediators, we tested whether changes in events predicted sameday affect scores, controlling for the alternate affect, daily pain, and education level. Individuals with a comorbid pain condition had lower levels of positive affect than those with RA only (t = À2.78, b = À.259, P = .006). In addition, days with more positive interpersonal events (t = 9.35, b = .053, P < .0001), less pain (t = À9.00, b = À.007, P < .0001), and lower negative affect (t = À17.70, b = À.343, P < .0001) than an individual's average were associated with higher positive affect. The main effect for positive events was qualified, however, by a significant interaction between changes in daily positive interpersonal events and being female (t = 3.18, b = .024, P = .002). Evaluation of the interaction revealed that changes in positive interpersonal events are more strongly associated with increased positive affect in women as compared with men. An increase of one positive event above a person's average was associated with a .05 point higher score on the 0 to 5 rating of positive affect average for all individuals, and women evinced an additional .02 point boost in positive affect per additional positive event compared with men. Approximately 9% of the pooled within-person variance in daily positive affect was explained by changes in pain, and an additional 15% was explained by positive and negative events and the interaction between sex and positive events.
A parallel analysis was conducted in which the dependent variable was same-day negative affect. Days with NOTE. Pain and event scores are person-centered. Pain and interaction terms were modeled as random effects. Fatigue was significantly higher in individuals with a comorbid pain condition relative to those without one. Fatigue was also higher for individuals on days when they experienced greater than their average number of negative events and lower on days when they experienced greater than their average number of positive events. The relation between positive events and fatigue was stronger in women than in men.
fewer negative interpersonal events (t = 10.66, b = .08, P < .0001), less pain (t = 5.86, b = .003, P < .0001), and more positive affect (t = À17.97, b = À.14, P < .0001) than a person's average were associated with lower negative affect. In addition, the interaction between changes in negative interpersonal events and being female was significant (t = 2.15, b = .018, P = .04). Evaluation of the interaction revealed that the association between changes in daily negative interpersonal events and same-day fatigue was stronger in women relative to men. An increase of 1 negative event above a person's average was associated with a .08 point higher score on the 0 to 5 rating of negative affect average for all individuals, and women evinced an additional .02 point increase in negative affect per additional negative event compared with men. Approximately 7.5% of the pooled withinperson variance in daily negative affect was explained by changes in pain, and an additional 15% was explained by positive and negative events and the interaction between sex and negative events. Thus, interpersonal events are more closely tied to affective experiences in women than in men. Days with many positive interpersonal events are more beneficial for women than men in terms of same-day positive affect and days with many negative interpersonal events were more detrimental for women than men with respect to same-day negative affect. Our next step was to test the possibilities that 1) changes in positive affect mediate the changes in positive interpersonal events by sex interaction effect on same-day fatigue and 2) changes in negative affect mediate the effect of changes in negative interpersonal events on same-day fatigue. 3 To this end, we included affect scores together with event scores, sex, and the sex by positive event interaction effect (together with daily pain and comorbid pain condition as covariates) in a model predicting same-day fatigue. Once affect scores were included in the model, the change in positive interpersonal events by being female interaction effect was no longer significant (t = À1.20, P = .23). Similarly, the main effect of changes in negative interpersonal events was not significant (t = À.31, P = .76). We examined 2 meditational pathways: 1) changes in positive interpersonal events by being female interaction term / positive affect / same-day fatigue; and 2) changes in negative interpersonal event / negative affect / same-day fatigue using a z test. 13 Both meditational paths were significant (positive affect z test = À3.64, negative affect z test = 5.08; both Ps < .0001).
Prediction of Next-Day Fatigue
We next tested whether the event-fatigue relations that were apparent on the same day carried forward to the next day (see Table 4 ). Not surprisingly, same-day fatigue was a strong predictor of next-day fatigue (t = 18.57, P < .0001). As noted in the same-day findings, individuals with a comorbid pain disorder reported higher next-day fatigue than did RA-only individuals. Days with more than a person's average level of pain (t = 3.32, P = .001) and number of negative interpersonal events (t = 3.26, P = .002) were associated with greater fatigue on the next day. The interaction between changes in positive interpersonal events and sex also was significant (t = 2.05, P = .04). Fig 3 shows the form of the changes in positive interpersonal events by sex interaction effect on next-day fatigue. In contrast to the findings for same-day fatigue, days with increased positive interpersonal events were followed the next day by increases in fatigue for women but not for men. For women, a day with 1 positive event more than their average was followed by an increase of .41 points on the fatigue scale on the following day. Approximately 6% of the pooled within-person variance in next-day fatigue was explained by same-day fatigue, and an additional 3% was explained by changes in same-day pain. Changes in same-day positive and negative events and the sex by positive event interaction term accounted for an additional 1% of the variance.
Finally, we conducted exploratory analyses to determine whether changes in same-day affect mediated the associations between same-day events and nextday fatigue. Specifically, we examined two meditational pathways: 1) changes in positive interpersonal events by NOTE. Pain and event scores are person-centered. Pain score was modeled as a random effect. Next-day fatigue was significantly higher in individuals with a comorbid pain condition relative to those without one and on days after a high fatigue level. Next-day fatigue was also higher for individuals following days when they experienced more than their average level of pain and greater than their average number of negative events. For women only, next-day fatigue was higher following days with greater than their average number of positive events.
being female interaction term / positive affect / next-day fatigue; and 2) changes in negative interpersonal event / negative affect / next-day fatigue. The positive affect meditational path was not significant (z = .82, P = .42). In contrast, negative affect partially mediated the association between changes in negative interpersonal events and next day fatigue (z = 2.28, P = .01).
Discussion
Our study is the first one to explicitly examine sex differences in the relations between daily events, affect, and fatigue in RA, and findings point to some small but consistent differences between men and women. Days with more frequent positive events were related to lower levels of same-day fatigue and higher levels of next-day fatigue for women but not for men. Thus, women experienced less fatigue on a day when they reported more than their usual number of positive events, but suffered a ''fatigue hangover'' on the next day. Women in the sample had higher pain levels across the 30 days of diaries than did men, and change in daily pain showed a strong association with fatigue, accounting for 28% of the within-person changes. Yet the sex difference in the link between positive events and fatigue was sustained in analyses controlling for changes in pain. The current findings extend those detailed in an earlier report from our research group documenting the same-day and next-day relations between positive events and fatigue in women with chronic pain from RA or FM 19 by including additional evidence that the pattern observed in women does not hold for men. Men do not seem to get any respite from fatigue tied to positive events on the same day, nor do they show any increase in fatigue on the following day. For men with RA, fatigue is largely unrelated to their daily positive interpersonal events. The current findings mirror those reported in a recent qualitative study of RA patients, which suggested that women, relative to men, perceive stronger relations between psychosocial factors, including social contacts and work-life balance, and their fatigue levels. 17 We examined whether positive affect served as a mediator of the sex difference in the relation between positive events and fatigue and found that on days when they experienced increased positive events, women reported a bigger boost in positive affect than did men, which explained some of their decreased same-day fatigue. These findings from end-of-day diaries contrast with those derived from within-day diaries of healthy adults showing that men and women report similar changes in positive affect shortly after positive social interactions that occur throughout the day. 7, 15 One possible explanation for the discrepant findings rests with the timing of assessment of positive interpersonal events and affect. The sexes may experience a similar boost in positive affect in the immediate aftermath of a pleasant interpersonal exchange, but women may derive a greater boost than men from recalling the accumulation of recently experienced positive events. 28 A second possibility is that sex differences in eventmood associations vary between healthy and chronically ill individuals. A pain condition itself may serve as a chronic stressor that is distinct for men and women, 30 altering the associations between positive interpersonal events and affect.
Our findings linking everyday stressors with fatigue in RA are consistent with those reported previously in the literature 24 and demonstrate that the relation between negative events and fatigue is mediated by negative affect. Increases in negative interpersonal events were associated with increases in same-day fatigue and predicted next-day fatigue to a similar degree for both men and women. However, days with higher than average negative events were associated with greater increases in negative affect for women than for men. Thus, sex differences in event-affect relations were evident for both positive and negative events, suggesting that women with RA are more emotionally responsive to all aspects of their social environments than are their male counterparts.
What can account for the sex differences in the day-today relations between positive events and fatigue? We proposed that it might be due to the greater investment in relationships by women relative to men. However, the lack of a sex by change in negative interpersonal event interaction effect on fatigue argues against this explanation. A second possibility is that the experience of fatigue is more tightly bound to external cues among women than men, consistent with Pennebaker and Roberts' notion that women may use more external cues to alert them to current internal states compared with men. 20 In line with this account, daily increases in positive events were more strongly related not only to fatigue but also to positive affect for women than for men.
Our observation that one day's increase in positive events carried over to predict increased next-day fatigue in women but not men also deserves comment. It is possible that positive events lead to a greater expectation of sustained social engagement for women versus men with RA, leaving them insufficient opportunity to restore their energy reserves. In supplementary exploratory analyses, one day's positive events were related to nextday's positive events to a similar degree for men and women (data not shown). Thus, it is unlikely that actual ongoing social demands account for the carryover effects of positive events on fatigue we observed among women compared with men. A second account of the sex differences in carryover effects holds that there may be neurophysiological differences that result in more pronounced event-fatigue associations in women. For example, pro-inflammatory cytokines are related to increased fatigue in healthy adult and RA samples. 5, 18 Although women and men show similar increases in pro-inflammatory cytokine production during psychological tasks, women show a reduced capacity to terminate production during post-task recovery. 22 Thus, to the extent that positive events provoke increased inflammation in RA patients, women may experience more sustained inflammation-related fatigue compared with men. Future work that includes frequent repeated assessment of inflammatory markers together with interpersonal events and fatigue will be required to determine whether this explanation is a valid one.
Our findings are in line with previous reports linking aggregate measures of positive and negative aspects of interpersonal relationships with fatigue in RA. 9, 14 Nevertheless, changes in daily events accounted for a small proportion of the within-person variation in fatigue day to day in the current study, indicating that other social, psychological, and physiological factors must play a role. One such factor is pain level, which accounted for a large portion of the day to day changes in fatigue. 9, 26 Although evidence to date is limited, some findings suggest that sleep quality, 26 physical activity, 4, 16 and illness cognitions (eg, focusing on adverse aspects of functioning) 6 also deserve more empirical attention as determinants of daily fatigue.
Some important limitations constrain the interpretation of the current findings. First, because the data are observational, we can conclude only that events are related to affect and to fatigue, not that they cause them. Similarly, our meditational analyses of same-day data are consistent with, but do not establish, an event / affect / fatigue causal sequence. Second, the sample included adults with an RA diagnosis who had experienced symptoms for an average of nearly 16 years. The sample was also mostly Caucasian and middle-aged. Whether the current findings generalize to more recently diagnosed or ethnically diverse RA patients, children with RA, or non-RA chronic pain patients remains to be determined. Third, our one-item measure of fatigue could not capture the multidimensional nature of the fatigue experience. 25 Finally, the data are based on participants' reports of their experiences at the end of each day. More frequent sampling and inclusion of additional methods of assessment (eg, physiological markers) could have helped us to elaborate the mechanisms underlying the event-fatigue relations we observed.
Our study also had some notable strengths. Including a diary measure with items that tap the occurrence of specific, discrete events rather than ratings of perceived stress or enjoyment likely reduced the bias in recall that can affect reporting of interpersonal events. Moreover, reports were collected across 30 days, yielding reliable estimates of the day-to-day covariation between events and fatigue and allowing us to test both same-day and next-day associations. The assessment of diverse events provided the opportunity to consider the independent relations between positive as well as negative interpersonal events and RA symptoms.
Fatigue is the most bothersome symptom reported by many RA patients and one that has significant implications for functional health and quality of life. 34 Because we observed a small association between day-to-day changes in daily interpersonal events and fatigue, it is reasonable to question whether the current findings are meaningful for RA patients' quality of life. After all, one additional positive interpersonal event per day is related to only about a .4-point decrease in same-day fatigue on a 0 to 100 point scale. On the other hand, the events we assessed were quite minor, including such momentary experiences as kissing one's spouse or receiving a compliment. An increase in the experience of these kinds of interpersonal ''moments'' would not be expected to create immediate, large magnitude changes in fatigue akin to those observed after weeks or months of intensive pharmacologic or behavioral treatment. 6, 21 Rather, these events, albeit small, occur on a daily basis, and their potential impact on fatigue thus is more likely to accrue slowly over time.
Our findings highlight the dynamic relations among social events, affect, and fatigue in RA, and point to important similarities and differences in those dynamics for men and women. They further suggest that the development of effective self-management strategies for fatigue will require more complex models that capture the interplay of psychological and social factors in the day-to-day lives of individuals with RA. In future research, it will be important to elucidate the different mechanisms by which changes in positive events influence same-day and next-day fatigue of women with RA. Our findings indicate that while positive affect helps us to understand why days with higher than average positive interpersonal events are associated with less same-day fatigue for women, it does not explain the carryover effects of positive events to next-day fatigue. Identification of mechanisms may inform efforts to develop treatment plans that enable patients to obtain a same-day energy boost from pleasant events without experiencing a next-day energy slump. In the mean time, our findings suggest that with respect to fatigue, increases in positive interpersonal events have mixed effects for women and do not benefit men. In contrast, negative interpersonal events are associated with elevated same-and next-day fatigue for men and women alike. Consequently, clinicians should consider assessing whether RA patients have re-occurring negative social exchanges and then assist RA patients in developing strategies to reduce exposure to those events.
